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(57) Abstract: There is provided a method of radially expanding a tubular element extending into a 
wellbore, the tubular element having a first section to be expanded to a first diameter and a second 
section to be expanded to a second diameter, the first diameter being larger than the second diameter. 
The method comprises arranging an expander in the wellbore, the expander including a first expander 
member and a second expander member, wherein the first member has a larger outer diameter than 
the second member, said members being releasably interconnected. The expander is moved through 
the first tubular section thereby expanding the first tubular section to the first diameter, whereafter the 
second expander member is released from the first expander member. The second expander member 
is then moved through the second tubular section so as to expand the latter to the second diameter. 
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METHOD OF EXPANDING A TUBULAR ELEMENT IN A WELLBORE 

The present invention relates to a method of radially 
expanding a tubular element extending into a wellbore, 
the tubular element having a first section to be expanded 
to a first diameter and a second section to be expanded 
5 to a second diameter, the first diameter being larger 

than the second diameter. The tubular element can be, for 
example, part of a string of wellbore casing with casings 
or liners having axially overlapping portions. 

WO 99/35368 discloses a method of radially expanding 

10 a string of casing whereby adjacent casings have such 

axially overlapping portions. In the known method a first 
casing is lowered into the wellbore and radially expanded 
by means of an expander mandrel. A second casing is then 
lowered through the expanded first casing until an upper 

15 end part of the second casing is positioned in a lower 

end part of the first casing. The second casing is 
subsequently expanded to substantially the same inner 
diameter as the first casing. 

It is a drawback of the known method that the 

20 expansion forces required to expand the upper end part of 

the second casing are very high because, simultaneously 
with expanding said upper end part, the lower end part of 
the first casing is to be expanded further. In case the 
first casing has already been cemented in place, 

25 subsequent expansion becomes even more difficult. 

It is an object of the invention to provide an 
improved method of radially expanding a tubular element 
in a wellbore, whereby the tubular element is expanded to 
sections of different diameters in a manner that the 
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required expansion forces remain within acceptable 
limits. 

In accordance with the invention there is provided a 
method of radially expanding a tubular element extending 

'5 into a wellbore, the tubular element having a first 

section to be expanded to a first diameter and a second 
section to be expanded to a second' diameter, the first 
diameter being larger than the second diameter, the 
method comprising: 

10 a) arranging an expander in the wellbore, the expander 

including a first expander member and a second expander 
member, wherein the first member has a larger outer 
diameter than the second member, said members being 
releasably interconnected; 

15 , b) moving the expander through the first tubular section 
so as to expand the first tubular section to the first 
diameter; 

c) disconnecting the second expander member from, the 
first expander member; and 
20 d) moving the second expander member through the second 

tubular section so as to be expanded to the second 
diameter. 

It is thereby achieved that the tubular element is 
expanded to sections of different diameters without" 

25 having to expand overlapping portions of adjacent tubular 

elements simultaneously, so that the required expansion 
forces remain within, acceptable limits. It is a. further 
advantage of the method of the invention that the tubular 
element can be cemented in place before further drilling 

30 of the wellbore. 

In order to allow the expansion process to be carried 
out by pulling the expander upwardly through the tubular 
element, it is preferred that the first tubular section 
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is a lower end part of the tubular element, and the 
second tubular section is the remaining part of the 
tubular element. 

In a preferred embodiment of the method of the 
*5 invention, the tubular element is a previous tubular 

element and the tubular string includes a next tubular 
element, wherein the method further comprises: 

e) after step d) lowering the next tubular element 
through the previous tubular element until an upper end 

10 part of the next tubular element is arranged in the lower 

end part of the previous tubular element; and 

f ) expanding said upper end part of the next tubular 
element so as to become sealingly arranged in the lower 
end part .of the previous' tubular element. 

15 The invention will be described ■ hereinafter in more 

detail and by way of example with reference to the 
accompanying drawings in which: 

Fig. 1A schematically shows a side view of an 
expander used in an embodiment of the method of the 
20 invention, with first and second expander members 

interconnected; 

Fig. IB schematically shows the second member of the 
expander of Fig. 1; 

Fig. 2 shows a bottom view of the expander of 
25 Fig. 1A; 

Fig. 3 schematically shows a first stage of the 
method of expanding a tubular string using the expander 
of Fig. 1A; 

Fig. 4 schematically shows a second stage of the 
30 method of expanding a tubular string using the expander 

of Fig. 1A; 
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Fig. 5 schematically shows a third stage of the 
method of expanding a tubular string using the expander 
. of Fig. 1A; 

Fig. 6 schematically shows a fourth stage of the 
5 method of expanding a tubular string using the expander 

of Fig. 1A; 

Fig. 7 schematically shows a fifth stage of the 
' method of expanding a tubular string using the expander 
of Fig. 1A; and 
10 Fig. 8 schematically shows a sixth stage of the 

method of expanding a tubular string using the expander 
of Fig. 1A. 

Referring to Figs. 1A and 2 there is shown an 
expander 1 for radially expanding a tubular element, the 

15 expander 1 including first and second expander members 

whereby the second member is a main body 3 of the 
expander 1 and the first member is an expander ring 4 
surrounding part of the main body 3. The main body 3 has 
a nose section 6, a f rustoconical section 8, and a rear 

20 section 10 f whereby the nose section 6 is of a diameter 

substantially equal to the inner diameter of the tubular 
elements (referred to hereinafter) to be expanded before 
expansion thereof. The rear section 10 is of a diameter 
larger -than the nose section 6 so as to be suitable to 

25 expand each tubular element to a second inner 

diameter D2 . The f rustoconical section 8 forms a 
transition between the nose section 6 and the rear 
section 10. A connector 11 is provided at the top of the 
nose section 6 for connection of the expander 1 to a 

30 pulling string (referred to hereinafter) . 

The expander ring 4 extends around the rear 
section 10 and around part of the f rustoconical section 8 
of the main body 3, which expander ring 4 has an .outer.-. 
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diameter larger than the diameter of the rear section 10 
so as to be suitable to expand each tubular element to a 
first inner diameter Dl which is larger than D2. One end 
part 12 of the expander ring 4 is axially aligned with 
5 the rear end 14 of the main body 3, and the other end 

part 16 of the expander ring is tapered so as to form a 
continuation of the frustoconical section 8 of the main 
body 3. The expander ring is releasably connected to the 
main body 3 by means of a latching system 18 which is 
10 arranged to unlatch the ring 4 from the main body 3 by 

hydraulic control means (not shown) incorporated in the 
. main body 3. 

In Fig. IB is shown the main body 3 of the expander 1 
with the expander ring 4 removed therefrom. 

15 Fig. 3 shows a wellbore 20 drilled into an earth 

formation 22 and a tubular element in the form of 
casing 24, which has been lowered into the wellbore 20. 
The casing 24 has a lower end part 25 at which the 
expander 1 is arranged in a manner that the nose 

20 section 6 of the expander extends into said lower end 

part 25. A pulling string 2 6 is connected to the 
expander 1 by means of connector 11 to hold the expander 
in this position relative to the casing 24. The pulling 
string 26 has a longitudinal fluid passage (not shown) 

25 providing fluid communication between a hydraulic control 

system (not shown) at surface and the hydraulic control 
means of the latching system 18. 

Reference is further made to Fig. 4. After the* 
expander 1 has been lowered to the required depth, cement 

30 is pumped into the annular space 27 between the casing 24 

and the wall of the wellbore 20. An excess amount of 
cement is used in view of dropping of the initial cement 
level when the work-string used -to pump cement in the 
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annular space, is closed and removed. The cement is of a 
composition such that hardening of the cement occurs only 
after a prolonged period of time. 

. Subsequently the expander 1 is pulled into the 
5 casing 24 a short distance which is considered suitable 

for longitudinal overlap of the casing 24 with a next 
casing (referred. to hereinafter). In Fig. 4 such distance 
is shown substantially equal to the length of the 
expander ring 4, however different distances can be 

10 selected in accordance with operational requirements. By 

pulling the expander 1 into the casing 24 the lower end 
part 25 thereof is expanded to the first inner 
diameter Dl. Optionally borehole fluid can be pumped in 
the wellbore 20 below the expander 1 in order to prevent 

15 swabbing (i.e. the occurrence of an under-pressure in the 

wellbore) due to the movement of the expander 1. 

Referring further to Fig. 5, in a next . step the 
hydraulic control system is induced to apply fluid 
pressure via the pulling string 26 to the hydraulic 

20 control means of the latching system 18 so as to unlatch 

the expander ring 4 from the main body 3 of the 
expander 1. Optionally, a ball could first be dropped 
through the pulling string 26 in order to create a flow 
path for hydraulic fluid to the latching system 18. 

25 Alternatively, such flow path could be created by means 

of a selected rotation of the pulling string 26. 

Next the main body 3 is pulled further upwards by 
pulling string 26 while the expander ring 4 remains 
located in the lower end part 25 of the casing 24. The 

30 remaining part of the casing 24 is thereby expanded to 

the second inner diameter D2. The layer of cement present 
around the casing 24 hardens after the entire casing 24 
has been radially expanded. '- 
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Reference is further made to Fig. 6. After the 
casing 24 has been expanded along the whole length 
thereof , the main body 3 of the expander 1 is removed 
through the upper' end of the casing 24 and positioned at 
5 the lower end of a next casing 28 to be lowered into the 

wellbore 20. Hereinafter casing 24 is referred to as "the- 
.previous casing". The wellbore 20 is then drilled deeper 
until such depth that the next casing 28 can be installed 
in the wellbore. 

10 The next casing 28 is subsequently lowered through 

the previous casing 24 whereby the main body 3 of 
expander 1 is suspended at the -lower end of the next 
casing 28 by means of the pulling string 26. Lowering of 
the next casing 28 continues until the main body 3 enters 

15 into the expander ring 4. After the main body 3 has fully 

entered into the expander ring 4, the hydraulic control 
system at surface is induced to apply a selected fluid 
pressure to the hydraulic control means of the latching 
system 18 so as to latch the main body 3 to the expander 

20 ring 4. Similarly as described with respect to the 

previous casing 24 , a ball could first be dropped into 
the pulling string 26 to create a flow path for hydraulic 
fluid to the latching system 18. 

Reference is further made to Fig. 7. After latching 

25 of the main body 3 to the expander ring '4 the next 

casing 28 is further lowered through the previous 
casing 24 f and as a result the. expander ring 1. moves out 
of the lower end part of the previous casing 24. 

Reference is further made to Fig. 8. Lowering of the 

30 next casing 28 continues until an upper end part 30 of 

the next casing 28 is arranged in the lower end part 25 
of the previous casing 24. Thereafter cement is pumped 
into the annular space 27 between the next -casing -28 and 
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the wall of the wellbore 20 , which cement is similar to 
the cement pumped around the previous casing 24. 
Optionally the cement can be pumped via the small annulus 
between the upper end part 30 of the (yet unexpanded) 
5 next casing 28 and the lower end part 25 of the previous 

casing 24. 

Subsequently the next casing 28 is radially expanded 
in a manner similar to expansion of the previous 
casing 24 whereby a lower end part 32 of the next 
10 casing 28 is expanded to inner diameter Dl and the 

remaining part of the next casing 28 is expanded to inner 
diameter D2. Similarly to the expansion process of 
casing 24 f the expander ring 4 remains in the lower end 
part 32 of the next casing 28 while the remaining part of 
15 the next "casing 28 is expanded. The layer of cement 

present around the next casing 28 hardens after the 
entire casing 28 has been radially expanded. 

The process of further drilling and casing the 
wellbore 20 is then repeated in the manner as described 
20 with reference to Figs. 6-8 until the wellbore reaches 

its final depth. 

Instead of connecting "the pulling string to the 
expander by means of the connector, suitably the pulling 
string passes through a bore of the expander and be 
25 provided with a nut at the rear end of the expander. 

Also, the pulling string could be screwed to the 
expander. 

In the detailed description above a hydraulically 
operated latching system latches the expander ring to the 
30 main body. The expander ring could also be connected to 

the main body by purely a mechanical system (i.e. without 
hydraulic control) such as a J-slot. 
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Instead of using retarted cement which hardens only 
after a prolonged period of time, a cement could be used 
in combination with a hardener which is released into the 
annular space upon (and triggered by) expansion of the 
5 casing. 

In general it will be necessary to anchor each next 
casing in the wellbore during pulling of the expander 
therethrough. Such anchoring could be done by means of a 
slip-arrangement arranged in the previous casing and at 
10 the top end part of the next casing. Furthermore, it is 

to be accounted for that in general the casing shortens 
during its radial expansion. 

Instead of pulling the expander through the tubular 
element by means of a pulling string, the expander can be 
15 pumped through the tubular element using a suitable 

hydraulic fluid. 

In the detailed description above the term "casing" 
has been used throughout, however the term "liner" can 
equally be used. In this respect the frequently used 
20 terminology of "casing" for a tubular element, which 

extends to surface, and "liner" for a tubular element 
which extends only in a lower part of the wellbore, is to 
be disregarded. 
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CLAIMS 



1. A method of radially expanding a tubular element 
extending into a wellbore, the tubular element having a 
first section to be expanded to a first diameter and a 
second section to be expanded to a second diameter, the 
5 first diameter being larger than the second diameter, the 

method comprising: 

•a) arranging an expander in the wellbore, the expander 
including a first expander member and a second expander 
member, wherein the first member has a larger outer 
10 diameter than the second member, said members being 

releasably interconnected; 

b) moving the expander through the first tubular section 
so as to expand the first tubular section to the first 
diameter; 

15 c) releasing the second expander member from the first 

expander member; and 

d) moving the second expander member through the second 
tubular section so as to be expanded to the second, 
diameter . 

20 2. The method of claim 1, wherein the first tubular 

section is a lower end part of the tubular element, and 
the second tubular section is the remaining part of the 
tubular element . 

3. The method of claim 2, wherein the tubular element is 
25 a previous tubular element and wherein the tubular string 

includes a next tubular element, the method further 
. comprising: 

e) after step d) lowering the next tubular element 
through the previous tubular element until an upper end 
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part of the next tubular element is arranged in the lower 
end part of the previous tubular element; and 
f ) expanding said upper end part of the next tubular 
element so as to become sealingly arranged in the lower 
5 end part of the previous tubular element. 

4. The method of claim 3, wherein said upper end part of 
the next tubular element is expanded to substantially the 
second diameter. < 

5. The method of claim 3 or 4, wherein the first 

10 expander member remains in the lower end part of the 

previous tubular element, and wherein the next tubular 
element is provided at the lower end thereof with the 
second expander member or with a similar expander member, 
the method further comprising: 

15 g) upon passage of the second expander member or the 

« similar expander member through the lower end part of the 
previous tubular element, connecting the second expander 
member or the similar expander member to the first 
expander member; 

20 h) before step f), moving the expander through a lower 

end part of the next tubular element so as to expand said 
lower end part of the next tubular element to 
substantially the first diameter; 

i) releasing the first expander member from the second 
25 expander member; and 

j ) moving the second expander member through the 
remaining part of the next tubular element so as to 
expand said remaining part to substantially the second 
diameter. 

30 6. The method of any one of claims 3-5, wherein a 

plurality of said next tubular elements are expanded in 
the wellbore, and wherein steps e)-j) are repeated for 
each set of adjacent tubular elements. ■ 
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7. The method of any one of claims 1-6, wherein said 
expander members are interconnected by a latching system. 

8. The method of any one of claims 1-6, wherein the 
tubular string is a casing string of the wellbore. 

•5 9. The method substantially as described hereinbefore 

•with reference to the drawings. 
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Fig.2. 



WO 03/006788 



PCT7EP02/07882 




WO 03/006788 



PCT/EP02/07882 




WO 03/006788 



PCT/EP02/07882 




INTERNATIONAL SEARCH REPORT 



bit tonal Application No 

PCT/EP 02/07882 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 E21B43/10 



Accordhg to International Patent Classification (IPC) or to both national ctassification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched {classification system followed by classification symbols) 

IPC 7 E21B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data bass consulted during the international search ( 

EPO-Internal 



iame of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with indication, where appropriate, of the relevant 



Relevant to claim No. 



US 3 203 483 A (VINCENT RENIC P) 
31 August 1965 (1965-08-31) 
figure 3 

US 5 348 095 A (W0RRALL ROBERT N ET AL) 
20 September 1994 (1994-09-20) 
figures 3-5 



□ 



Further documents are listed in the continuation of box C. 



ID 



Palenl family members are listed in 



° Special categories of cited documents : 

•A* document defining the general state of the art which Is not 

considered to be of particular relevance 
■E' ©artier document but published on or after the International 

flfrig date 

*L* document which may throw doubts on priority ctaJm(s) or 
which Is cited to establish the publication date of another 
citation or other special reason (as specif ted) 

•O 1 document referring to an oral disclosure, use, exhibition or 
other means 

■P' document published prior to the international filing dale but 
later than the priority dale claimed 



*~T later document published after the International filing date 
or priority date and not m conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Involve an Inventive step when the document is taken alone 

•Y* document of particular relevance; the claimed invention 
cannot be considered to involve an Inventive step when the 
document is combined with one or more other euch docu- 
ments, such combination being obvious to a parson skilled 
In the art. 

document member of the same patent family 



Date of the actual completion or the international search 



17 October 2002 



Date or mailing of me tmemattonal search report 



23/10/2002 



Name and mailing address of the ISA 

European Patent Office, P.a 5818 Palenttaan 2 
ML - 2280 HV RijswTJk 
TeL (+31-70) 340-2040. Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 



Authorized officer 



Schouten, A 



Form PCT/1SAQ1 0 (eooend chart) (July 1C02) 



INTERNATIONAL SEARCH REPORT 

^information on patent family members 


Ind w tnal Application No 

PCT/EP 02/07882 


Patent document 
cited in search report 


Publication 
date . 


Patent family 
member(s) 


Publication 
date 



US 3203483 A 31-08-1965 US 3179168 A 20-04-1965 

US 3203451 A 31-08-1965 



US 5348095 


A 


20-09-1994 AU 


670948 


B2 


08-08-1996 






AU 


4324493 


A 


04-01-1994 






CA 


2137560 


Al 


23-12-1993 






DE 


69306110 


Dl 


02-01-1997 






DE 


69306110 


T2 


05-06-1997 






DK 


643794 


T3 


05-05-1997 






WO 


9325799 


Al 


23-12-1993 






EP 


0643794 


Al 


22-03-1995 






JP 


7507610 


T 


24-08-1995 






NO 


944721 


A 


07-12-1994 






NZ 


253124 


A 


27-02-1996 






OA 


10117 


A 


18-12-1996 






RU 


2103482 


CI 


27-01-1998 






se 


46560 


Al 


20-02-1998 



Form PCT/ISA/21 0 (patent family arvwx) (Juy 1 082] 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 




DED TEXT OR DRAWING 



U BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



